The cat inferior colliculus (IC) was studied with Il-deoxyglucose (2-DG). By presenting high-frequency tone bursts to one ear and white noise bursts simultaneously to the other, ,a band of reduced or inhibitory labeling was revealed in the central nucleus (ICC) of the IC ipsilateral to the ear receiving the tone bursts. It was concluded that this ipsilateral inhibition might be related to the organization of excitatory/inhibitory units in ICC. In the opposite ICC, narrow bands of increased labeling were seen. In some animals, the positions of single units were marked, and tone frequencies were presented under 2-DG, which were the same as these units' characteristic frequencies (CFs). The positions of the units coincided with the position of the inhibitory bands, indicating that they were functional isofrequency-inhibitory contours. Unlike higher auditory centers, the binaural inhibitory areas were in register with and not orthogonal to the excitatory isofrequency contours.
tone bursts to one ear and white noise bursts simultaneously to the other, ,a band of reduced or inhibitory labeling was revealed in the central nucleus (ICC) of the IC ipsilateral to the ear receiving the tone bursts. It was concluded that this ipsilateral inhibition might be related to the organization of excitatory/inhibitory units in ICC. In the opposite ICC, narrow bands of increased labeling were seen. In some animals, the positions of single units were marked, and tone frequencies were presented under 2-DG, which were the same as these units' characteristic frequencies (CFs) . The positions of the units coincided with the position of the inhibitory bands, indicating that they were functional isofrequency-inhibitory contours. Unlike higher auditory centers, the binaural inhibitory areas were in register with and not orthogonal to the excitatory isofrequency contours.
The inhibitory contours were generally larger than the excitatory contours and became even larger in more caudal sections.
Both the inhibitory and excitatory contours extended into dorsal cortex areas of IC. In two other cats, high-frequency tone bursts and white noise bursts were presented to the same ear, and both a band of increased and a band of reduced labelling were found in the IC contralateral to this ear. The inhibitory band was always lateral to the excitatory band and was often smaller. They did not become larger in more caudal sections. The position of a unit in one cat was marked by pontamine sky blue, and the position of the unit coincided with the position of the excitatory band. It was concluded that this lateral inhibitory band represents high-frequency inhibitory sidebands of cells with CFs lower than the stimulating tone. It is concluded that the 2-DG method might reveal hitherto unknown inhibitory systems if stimuli could be combined with diffuse stimuli that raised the general background activity of sensory systems.
The auditory cortex (Al) of the cat has been shown to be organized into areas containing different types of binaural cells. There are some areas containing cells which respond best to stimulation of both ears or are excited monaurally by both ears (E/E cells) and other areas containing neurons excited by the contralateral ear and inhibited by the ipsilateral ear (E/I cells) (lmig and Adrian, 1977; lmig and Brugge, 1978; Middlebrooks et al., 1980; lmig and Reale, 1981) . These bands are organized rostrocaudally in Al and are orthogonal to the isofrequency contours. Retrograde labeling studies have shown that these bands connect with segregated areas of the ventral division (V) of the medial geniculate body, which are also organized rostrocaudally and orthogonal to the isofrequency contours (Middlebrooks and Zook, 1983) . While physiological studies of V have failed to find such a binaural organization (Calford and Webster, 1981) this failure could be a function of the complex folded structure of the isofrequency contours (Calford and Webster, 1981; Middlebrooks and Zook, 1983) . The central nucleus of the inferior colliculus (ICC) of the cat projects to V, but Semple and Aitkin (1979) have found no segregation between E/I and E/E units in ICC, suggesting that the binaural organization of ICC might differ from the higher parts of the auditory pathway. The frequency organization of ICC has been extensively studied with a combined 2-['%]deoxyglucose (2-DG), electrophysiological, and horseradish peroxidase study (Serviere et al., 1984) . The general organization of functional isofrequency contours appears to match largely the laminae of the Golgi model of ICC put forward by Oliver and Morest (1984) except that the isofrequency contours are orthogonal to the proposed laminae in their lateral division of ICC. They appear to extend well into what Oliver and Morest (1984) have defined as unlaminated areas of inferior colliculus (IC), the dorsal cortex (DC) and the dorsomedial nucleus (DM) (Serviere et al., 1984) . Although the 2-DG technique has clearly shown contralateral excitatory contours which could represent E/I and E/E effects, it did not appear to be capable of revealing any specific ipsilateral inhibitory effects in ICC. Experiments in which only the contralateral ear was stimulated or in which an interaural intensity difference (IID) was employed failed to produce evidence of unequivocal inhibitory effects in either ICC (Serviere et al., 1984) . This failure could be due to several possibilities. For example, the presence of a considerable number of E/E and E/O cells might not allow small reductions in the amount of label to be detected. Also, the level of spontaneous activity in ICC in these experiments might not allow sufficient background activity for a reduction in label to be detected, as only 50% of units recorded under barbiturate have spontaneous activity compared with most units recorded in the awake cat (Bock and Webster, 1974a, b) .
In the visual system, Bishop et al. (1973) were able to reveal nondominant ipsilateral inhibitory effects in apparently monocular units without spontaneous activity. In these studies, random stimuli (relative to computer response histograms) were presented to the excitatory or contralateral eye to produce a nonspecific increase in the firing rate of cells. When appropriate time locked stimuli were presented to the ipsilateral eye, then the computer response histo- Both pinnae were then removed, and a recording electrode was placed on each round window to measure and monitor the sensitivity of the cochlea.
In animals from which electrophysrologrcal recordings were made, a craniotomy was performed to expose the IC on one side by aspiration of the overlying cortex. In these animals, pontamine sky blue was injected by iontophoresis from a recordrng pipette (5 PA for 20 mtn electrode negatrve) at a position of a single unit in ICC with a certain CF. The CF of this unit was then employed as the stimulating tone frequency during a 45.min period after injection of 2-DG.
Sound system. A stimulating system incorporating a probe microphone and a Beyer DT48 transducer was sealed close to the tympanum. The sound pressure at the tympanum was calibrated on lrne with a NOVA 2 computer, using methods already described (Calford and Webster, 1981 et al., 1974; Lee et al., 1969) . While the spots can be readily detected in sections stained with neutral red, they are difficult to see in black and white photographs.
We have therefore indicated in figures the position of a blue spot by a small circle.
The 2-DG autoradiographs were analyzed by a computer image processing system similar to one reported by Gallistel et al. (1982) . The 2-DG sections were exposed along with 2-DG standards (Amersham set 632) and the system provided a "semiquantitative" method of measuring the autoradiographs (Gallistel et al., 1982) . The measurements allowed the determination of ordinal positrons in monotonic functions relating auditory function to both optical density and the level of 2-DG uptake as indicated by the standards. The method lacks the power of the fully quantitative system of Sokoloff (Goochee et al., 1980) but it provides sufficient quantitative information to allow judgments of whether an area contained significantly greater labeling than a critical area from the same animal.
A standard area could be specified on the computed image as an overlay in the form of a rectangle.
This rectangle could be adjusted to fit into any desired area or band and could be placed anywhere on the autoradiograph by cursor control. This procedure allowed measurements and comparisons of optical density within equal areas of the autoradiograph.
Each autoradiograph was scanned using a color-coded display of optical density. From these displays, it was generally easy to categorize areas of IC and nonauditory bratnstem into excitatory areas, inhibitory areas, and "nonresponsive" areas. In most cases, similar judgements could be made directly from the autoradiograph by visual inspection using a microfilm reader (Carl Zeiss, model DL II). Measurements of the width of any selective area were made on the microfilm reader at magnification X 17.5 calibrated with a stage micrometer.
The measurements of some inhibitory areas or bands was often difficult, particularly when low intensities were employed. In these cases, multiple readings were made, and a mean width was calculated.
Both excitatory and inhibitory areas were compared with background control areas. In the case of inhibitory areas, two comparisons were made: (7) with an area of the ICC adjacent to the band of reduced labelrng, which allowed us to determine whether the tone bursts were reducing the activity produced by white noise; and (2) with an area of nonauditory brain stem just below the relevant ICC. We hoped this method would give us some measure of general level of uptake of label. While this is a weaker criterion than that obtained with the fully quantitative method of Sokoloff, it did prove to be a consistent comparison, as the brainstem areas were rather uniformly labeled in each animal. We did not use a comparison of gray with white matter (Sharp et al., 1983) as we wished to make all comparisons in the same autoradiograph.
Our general technique does not permit valid comparisons of optical density across animals, Statistical analysis. The densitometric measurements were analyzed statistically using a t test of the difference scores in optical density between areas. The degrees of freedom represent the number of pixels minus one. Although we could predict the approximate position of any excitatory band from our previous research (Serviere et al., 1984 ) the determination of any Inhibitory effects was essentially a posterion. In addition, we carned out a multiple t test on each animal. To control for both of these factors, the statistical data were recalculated using Scheffe's criterion (Winer, 1970 ) which provides an a-rate for tests of all possible comparisons to be made a posteriori.
Since the a-values still exceded 0.01 for this conservative test, the standard t values were reported. Stimulus paradigms.
Ten young cats were run under various control and Vol. 5, No. 7, July 1985 experimental conditions. A summary of the experimental designs and stimulus conditions IS set out In Table I .
Results
Control experiments. Four control animals were tested. The first animal received no auditory stimulus in either ear. There were no signs of any areas of increased or decreased selective marking in the autoradiographs (Fig. 1) . The level of uptake in the left ICC was higher than background in the brain stem (Table II) . Similar results were found for the right ICC. The second control animal received 60 dB white noise In the left ear and no stimulus in the right. The amount of labeling in the right ICC was significantly greater than both background and the opposite ICC (Table II) . A montage of the ICC of this control animal showed a diffuse increase in labeling throughout ICC (Fig. 2) . As expected from the characteristics of the white noise, less labeling was apparent in the more medial or very highfrequency regions of ICC (Fig. 2) . Although the method did not allow a strict comparison between the individual animals, the amount of label produced by the white noise is greater than that apparent in the no-stimulus control (Table II) .
In the other two control animals, the amount of label in the ICC contralateral to the ear receiving the white noise was also greater than the amount of label in both the background and in the opposite ICC (Table II) . The important point to be stressed, however, is that in none of the control animals was there any sign of selective bands of labeling, either in the form of an increase or a decrease in the amount of label.
Uncrossed inhibition experiments without physiological recordings. In animal 5, tone bursts of 80 dB SPL and 15.0 kHz were presented to the left ear, and 60 dB bursts of white noise were presented to the right ear. The tone bursts presented to the left ear have produced a sharp band of increased labeling in the contralateral ICC, which is very similar to the bands produced previously (Servi&e et al., 1984) . By contrast, in the ICC ipsilateral to the ear receiving the tone, there was a clear band of reduced labeling (Fig. 3) which was in register with the excitatory band. It contained significantly less label than in the areas surrounding it but significantly more label than the background area (Table Ill; Fig. 3 ). In general, the width of this band of reduced label was larger than the excitatory band (580 versus 330 pm). They both tended to get larger in more caudal sections (Fig. 3 , E versus B) (660 versus 580 pm). Although it is extremely difficult to define the extent of ICC in Nissl sections, the excitatory and the inhibitory or reduced bands extend outside ICC as defined in Golgi sections by Oliver and Morest (1984) into lower levels of DC and DM.
In animal 6, 50.dB tones of two frequencies (8.5 and 15.9 kHz) were presented to the right ear, while white noise bursts of 60 dB were presented to the left ear. In this instance and in other experiments involving two frequencies given to one ear, the frequencies were alternated, which means that each frequency was presented at l/set or only half the number of times as when a single frequency was given to an animal. In ICC opposite to the ear receiving the tones, there were two very sharp excitatory bands produced by the tones (Fig. 4) . A lateral band was produced by 8.5 kHz tones and a ventral and medial band by 15.9 kHz tones, as would be predicted from our earlier work (Servi&e et al., 1984) . These bands were quite narrow (200 to 250 pm, 8.5 kHz and 300 to 350 pm, 15.9 kHz), probably reflecting the lower intensity and/or the smaller number of stimuli presented at each frequency. The tones have also produced two less pronounced bands of reduced labeling in the ICC ipsilateral to the ear receiving the tones. These inhibitory bands contained less label than the surrounding areas of ICC but again contain more label than the background (Table Ill) . The bands of reduced labeling were much wider (300 to 350 pm, 8.5 kHz and 400 pm, 15.9 kHz) than the excitatory bands noted above in Figure 48 . The reductions in labeling were not as clearly distinguishable as those in Figure 3 , probably reflecting the difference in intensity and rate of presentation. However, they were quite discernable in Figure 4 , B and C. They also appeared to become larger in more caudal sections (400 pm, 8.5 kHz and 450 pm, 15.9 kHz) (Fig. 4 , E versus 13). Although they were larger, the inhibitory bands did appear to be in quite good relative register with the excitatory bands in the opposite ICC. Thus, it might be concluded from our earlier work (ServiBre et al., 1984) that the more dorsal and lateral inhibitory bands have been produced by 8.5.kHz tones and the more ventral and medial by 15.9-kHz tones. Both the excitatory and the inhibitory bands remained in register through the rostrocaudal extent of ICC and, in more caudal sections (Fig. 4, 13 and C), they appeared to extend into regions outside ICC (Oliver and Morest, 1984) .
Uncrossed inhibition experiments with physiological recordings. Although the bands of reduced or inhibited labeling appeared to be in reasonable register with the excitatory bands in the opposite ICC, the width of the bands, sometimes extending laterally and sometimes extending medially, made us hesitant to conclude that they were isofrequency inhibitory bands. To test this proposition, single unit recordings were made from the ICC contralateral to the ear to which white noise bursts would be given under 2-DG. In animal 7, a recording track was made consisting of 25 units. A tonotopic sequence was obtained in which the value of the CF for units progressively increased with increasing depth of penetration. The position of two units with CFs of 9.0 and 17.0 kHz, respectively, was marked by the extrusion of pontamine sky blue. These two frequencies were then presented to the ear ipsilateral to the ICC in which the spots were deposited (Fig. 5) .
Tone bursts of 80 dB SPL at 9.0 and 17.0 kHz paired with 60 dB SPL white noise bursts have produced two sharp bands of increased labeling in the contralateral ICC (9.0 kHz, 230 to 330 pm; 17.0 kHz, 200 to 300 pm). They have also produced two significant bands of reduced labeling in the other ICC (Table IV ; Fig. 5 ). However, the band of reduced labelrng to 9.0 kHz was not clearly defined, although it contarned statrstrcally less label than surrounding areas. The posrtron of the blue spots coincided with the position of the inhibitory bands, and we would infer from our previous work (Servrere et al., 1984 ) that these were isofrequency inhrbrtory contours. The reduced bands, particularly to the higher tone, appeared again to become broader in more caudal sections (350 pm rostrally to 600 pm caudally). The areas which were not inhibited In ICC contralateral to the white noise bursts contained as much label (159.3 &r/g) as the excrtatory bands. This high level of labeling probably reflected the fact that the white noise bursts were presented on each trial, whereas the tones were alternated. In more caudal sections, both excitatory and inhibitory contours appeared to extend outside ICC (Oliver and Morest, 1984) .
All of the units recorded along the track were sharply tuned, except for the second and third units which had CFs of 7.0 and 8.0 kHz, respectively. These two units were very sensitive over a broad range (1 .O to 12.0 kHz) and were probably located outside ICC. Thresholds for all the cells were also very sensitive and ranged from -10 dB to 20 dB. The cell marked with the CF of 17.0 kHz was also a clear E/I cell, but the 9.0 kHz cell was an E/O cell with a lowfrequency inhibitory sideband. Of the 25 units, 5 were E/I units, 2 were I/E (contralateral inhibited, ipsilateral excitatory), 4 were E/E, and 12 were E/O. The remaining 2 cells consisted of an O/E (ipsilateral monaural), which was also interaurally time sensitive and an O/O (F) cell which was facilitated by only firing to binaural stimuli.
In animal 8, electrophysiological recordings were also taken before testing for binaural inhibition (Figure 6 ). The right ear received 80-dB tone bursts at 10.5 kHz, and the left received 80-dB white noise bursts. The tone bursts have produced a clear excitatory band (250 pm) in the left ICC and a clear band of reduced labeling in the opposite ICC (300 pm) (Fig. 6, A and B) . Two electrode penetrations were made in this animal. The first track recorded 11 units, most of which were so broadly tuned that it was difficult to determine a CF. There did not appear to be a clear tonotopic sequence and, finally, a unit with a CF of 15.0 kHz was marked, even though it was broadly tuned (Fig. 6A) . It appeared that this track had transversed the external nucleus of IC. The second track entered IC more medially, and a clear tonotopic sequence was obtained. The first millimeter of the track contained 6 units which were too broadly responsive to tune (not shown on track). The next 22 units showed a fairly typical tonotopic sequence. The units were sharply tuned and had good thresholds (ranging from 6 to 43 dB). The cell marked was an E/I cell, but only one other E/I was encountered on the track. Fourteen cells 'were E/O, and 3 were E/E. Two cells were ipsilateral dominant, being an O/E and an I/E, respectively. The position of the blue spot coincided with the position of the reduced band of labeling (Fig.  66 ) again indicating that the reduced or inhibitory contour was an isofrequency contour. In the sections shown, the inhibitory contour was about the same size as the excitatory one, but it became larger in more posterior sections (300 versus 400 pm). The inhibitory contour contained less label than the surrounding ICC, but it again contained more label than the background (Table IV) . As before, both the excitatory and inhibitory bands appeared to extend into the lower levels of the dorsal cortex regions of IC (Oliver and Morest, 1984) .
Crossed inhibition experiments. There is evidence that some cells in ICC have inhibitory sidebands to contralateral tones (Semple, 1981) . To determine the organization of inhibitory sidebands in ICC, both tone bursts and white noise burst were given to the same ear. In animal 9, 80 dB tones of 18.0 kHz were presented with 50-dB bursts of white noise to the left ear. In the right ICC, there was a dark band of labeling (400 pm) and also a band of reduced labeling which was smaller (300 pm) (Fig. 7A) . In this animal, the inhibitory band was smaller than the excitatory band throughout the nucleus, and neither the excitatory nor the inhibitory band became larger in more caudal sections. The reduced or inhibitory band was lateral to the increased band of labeling. Both the excitatory and the inhibitory bands were greater than the background level (Table V) , but the inhibitory band contained significantly less label than the surrounding parts of the same ICC. It also contained more label than the opposite ICC (Table V) . The excitatory band appears weaker than similar excitatory bands seen previously without concurrently presented white noise (Serviere et al., 1984) probably due to peripheral masking (Moore, 1982) .
In the last experimental animal, single unit recordings were made before the animal was tested for monaural inhibition. A typical tonotopic sequence of 14 units was recorded, and a unit with a CF of 9.2 kHz was marked with pontamine sky blue. The first unit on the track was rather broadly tuned firing from 0.4 to 5.0 kHz. The following units were narrowly tuned and had low thresholds (ranging from -10 to 1.5 dB). The animal was then presented with 80-dB SPL tone bursts of 9.2 kHz in conjunction with 80-dB SPL white noise bursts. Once again, both a band of increased (300 pm) and a band of decreased labeling (250 pm) have been produced in the same ICC (Fig. 7C) . The position of the blue spot coincided with the position of the excitatory band (Fig. 7C) . Like the previous animal, the band of reduced labeling in this section was just smaller and more lateral than the band of increased labeling. The band of reduced labeling was sometimes larger in other sections (400 versus 350 pm) but did not increase in size in more caudal sections. Both the excitatory and inhibitory bands of labeling were significantly greater than background, and the inhibitory band contained less label than surrounding areas of the same ICC (Table V) . The inhibitory band also contained more label than the corresponding area in the opposite ICC (Table V) , and the excitatory band was also weaker than comparable bands produced without white noise given to the same ear (Serviere et al., 1984) .
The monaural inhibitory bands in each animal were only present in the autoradiographs when a clear excitatory band was present. In each animal, both the excitatory and the inhibitory bands appeared to extend into the dorsal cortex regions of IC.
Discussion
The experimental paradigm of presenting tones in conjunction with white noise has allowed us to reveal inhibitory as well as excitatory effects under 2-DG in the inferior colliculus of the cat. We started with the basic hypothesis that we were not finding inhibitory effects with 2-DG because of two factors: (7 ) that excitatory effects of E/E and E/O units did not allow smaller inhibitory reductions of 2-DG labeling to be distinguished; (2) that in these areas we were not able to detect a reduction of labeling through inhibition because of a lack of spontaneous activity. Thus, white noise was used to increase the overall background activity, a somewhat similar procedure having been successful in the visual system. Uncrossed inhibitory effects.
It is clear that presenting tone bursts to one ear and white noise bursts to the other ear has allowed us to discover areas of reduced labeling in the ICC ipsilateral to the ear receiving the tones. Although we have described these reductions as being binaural inhibitory effects, it is true that we have no direct evidence that there is an inhibitory process present. We concede this point, but we note that similar inferences are often made on the basis of extracellular recordings, including the visual experiments upon which our experimental desrgn has been based (Bishop et al., 1973) . This is not, of course, a powerful rejoinder, but if one accepts the logic of Sokoloff's 2-DG method (Sokoloff, 1977 (Sokoloff, , 1982 then there has been a clear reduction of metabolic activity in these particular brain areas compared with areas activated only by white noise. There is little available evidence to suggest where this reduction or inhibition of activity is generated. The limited intracellular data (Nelson and Erulker, 1963; Kuwada et al., 1980) indicates that some cells can be hyperpolarized by input from one ear. These observations, coupled with the finding of Rockel and Jones (1973b) of inhibitory synapes on principal cells of ICC, indicate a possible intrinsic inhibitory mechanism. The simplest hypothesis is, however, that it is not inhibition in ICC at all, but a reduction in activity to ICC by inhibition acting in the lateral superior olive (LSO). That is, it is suppression of afferent activity from LSO that is leading to reduced labeling in ICC (Nudo and Masterton, 1984) . But it is known that LSO does not project to all the areas of IC through which the reduced bands extend (Glendenning and Masterton, 1983; Masterton and Imig, 1984) . Furthermore, there is evidence that ICC receives major ascending projections from nine distinct brain stem regions and minor projections from at least four others (Roth et al., 1978; Adams, 1979) . Thus, each lamina of ICC must receive multiple ascending input. It could hardly be argued that all of the inputs would provide suppression of afferent activity, as most of them do not have the binaural inhibitory properties found in LSO. The extent of the present inhibitory contours suggests, to us, a hypothesis of widespread intrinsic inhibition being the inhibitory source. It is apparent that if it is eventually possible to obtain a solution to the problem of the origin of the present inhibitory effects, it might well depend on further development of the 2-DG method for cellular resolution (Des Rosiers, 1978) and its application to both ICC and possible sources of afferent input.
Extent
of the uncrossed inhibitory bands.
The extensions of the bands of reduced activity into dorsal regions of IC outside ICC is of great interest. While it is difficult to use Nissl materials to subdivide IC, if the bands are compared to the Golgi drawings of Oliver and Morest (1984), they are clearly extending outside ICC. This is particularly so in caudal sections, where the inhibitory bands are the widest. In our earlier experiments (Serviere et al., 1984) , we found that both high-and low-frequency excitatory bands extended into DC and DM. This was very clearly seen with bands produced by lower-frequency tones. While these data indicate that the tonotopic organization of IC extends into these regions, the present data are the first to suggest that a similar inhibitory organization might do the same. There is increasing evidence (Brunso-Bechtold et al., 1981; Glendenning and Masterton, 1983; Oliver, 1984) that lemniscal input can reach further into these dorsal regions of IC than was thought previously (Goldberg and Moore, 1967; Kudo and Niimi, 1980; Kudo, 1981; Henkel and Spangler, 1983) . A cochleotopic organization of lemniscal input has been revealed in dorsal regions of IC by an extensive HRP study (Brunso-Bechtold et al., 1981) . Recently, Oliver (1984) has shown strong projections from cochlear nucleus which reach as far as layer 3 of the dorsal cortex of IC. lsofrequency uncrossed inhibitory contours.
In earlier experiments (Serviere et al., 1984) , we have shown that excitatory bands produced in ICC under 2-DG are functional excitatory isofrequency contours. Anatomists using Golgi material have suggested that the structural basis of isofrequency contours in ICC are laminae consisting of the principal cells, their dendrites, and the incoming afferents (Rockel and Jones, 1973a, c; Oliver and Morest, 1984) . The concept of a lamina has, however, been largely a theoretical concept until the recent 2-DG studies gave it such strong support (Serviere et al., 1984; Webster et al., 1984a) . The smallest width of some 2-DG excitatory contours found in these earlier studies (200 to 300 pm) indicated that they could be composed of 2 or 3 overlapping laminae, in agreement with estimates of laminae width bands are in close agreement with these results. In our earlier cat experiments, multiple electrode tracks were made, and the position of two units with the same CF was shown to coincide with each 2-DG contour produced by the particular frequency (Serviere et al., 1984) . Although two points are the minimum needed to define a two-dimensional isofrequency contour, we have extrapolated from the 2-DG data to argue that our 2-DG contours are sections through three-dimensional iso-frequency structures in ICC (some of our unpublished data show that the 2-DG excitatory contours can be observed in all three standard anatomical planes and are clearly three-dimensional sheets). On the basis of these earlier results, we have resorted in the present experiments to identifying isofrequency contours by the correlation of a single frequency point with the 2-DG contour. In the context of the earlier experiments, we feel It is reasonable to argue that the present uncrossed Inhibitory effects are indications of functional isofrequency inhibitory contours.
Given the above arguments, it is clear that tf the inhibitory contours are related to the laminar structure of ICC, they are involving more laminae than the corresponding excitatory processes, since the isofrequency inhibitory contours are generally wider. However, the extension of the contours into DC raise some problems, as the frbrodendritic laminae do not appear to extend Into this region. This was also a problem for our prevrous excitatory contours (Serviere et al., 1984) but, in both cases, the results suggest a precise ordering of lemnrscal input wrthout the presence of laminae.
Crossed inhibitory effects.
Clear crossed inhibitory effects are seen in the present experiments which are demonstrably related to the frequency of the tone presented with white noise to the same Vol. 5, No. 7, July 1985 ear. The results of animal IO show a clear correlation between the position of a unit with a CF of 9.2 kHz and the excitatory band produced by tones of 9.2 kHz (Fig. 7, C and D) . In animal 9, the position of the excitatory band to 18.0.kHz tone bursts is more medial than the band to the 9.2.kHz tone bursts (Fig. 7, A and B) , as would be predicted from our earlier work (Serviere et al., 1984) . In each case, the inhibitory band is found laterally alongside the excitatory band and its position moved as the position of the excitatory band moved with change in frequency. It would be a reasonable extrapolation to say that these inhibitory bands are also isofrequency contours. The question again arises as to just what mechanism is producing the reduction or inhibition. Since we are giving the tone and the white noise simultaneously to the one cochlea, it IS possible that some cochlear mechanism, such as two-tone inhrbrtron, could be producing suppression (Evans, 1975) . However, we don't appear to have 2-DG inhibition present at the level of the cochlear nucleus (CN), which makes a cochlear explanation a little unlikely. We temper thus conclusion by pointing out that the small size of dorsal cochlear nucleus (DCN) and of the ventral cochlear nucleus (VCN) compared with ICC might make detection of small inhibitory areas quite difficult, even with our methods of analysis. It is also possible that, like the binaural effects, this inhibition IS generated outside IC but more centrally from the cochlea.
Another possibility is that we are seeing some form of sideband inhibition which is generated within ICC. It has been shown that many units are inhibited as well as excited by tone stimulation in the awake cat using free field conditions (Bock et al., 1972) and sidebands are present in some ICC units in the anesthetized cat usrng sealed stimulation conditions (Rose et al., 1963; Semple, 1981) . However, very few units have been analyzed in detail for monaural sidebands in anesthetized animals, and there is thus no real evidence about the exact proportions of cells with monaural low-and/or high-frequency sidebands. If one accepts the argument that the contours observed are produced by sideband inhibition, then several difficult issues arise. First, which cells are producing the inhibitory sideband? Second, why do we see only an apparently low-frequency sideband relative to the stimulating tone? The sideband inhibition cannot arise from the cells which are producing the excitatory band, as these cells have excitatory CFS either at the stimulating frequency or very close to It. It is possible that there is also a large population of cells with thetr excitatory fields entirely surrounded by inhibition (Young and Brownell, 1976 ). Such cells might be able to produce the inhibition at the intensity levels used in these experiments (80 dB SPL), but such a population has not yet been reported for ICC (Semple, 1981) .
We would argue that if the inhibitory band represents sideband inhibition, then it could come from cells which have excitatory CFs below the frequency activating the inhibition. That is, we are seeing the expression of high-frequency sidebands of such a group of cells. If the logic of this argument is correct, then it raises the question of why the tone does not also activate a more medial inhibitory band which could represent the low-frequency sidebands of units with CFs higher than the activating tone. Some possible explanations of these results are that either low-frequency sidebands might not be strong enough to be detected, or they could be overlaid by a lowfrequency excitatory tail. There is no critical evidence for the first possibility, but some ICC units with low-frequency sidebands also have a low-frequency excitatory tail above the inhibition (Semple, 1981) . Thus stimulation of these areas by sufficiently strong stimuli would most likely produce a net excitatory effect. Obviously, further experiments are needed with less intense tone stimuli which might only activate the low-frequency inhibitory sidebands of such cells.
One final possibility is that the presence of barbiturate anesthetic is selectively reducing the effects of low-frequency sidebands. There is some evidence that this anesthetic can change the inhibitory/ excitatory relationships of a cell (Young and Brownell, 1976) . However, physiological data are not available for ICC to decide this point,
Conclusions
For the first time with the 2-DG technique, our experimental paradigm of increasing the background activity in a sensory system has allowed us to reveal two forms of inhibition which can be correlated with single unit activity in the same animal. Unlike higher auditory centres, the IC appears to contain a binaural (E/l) system of inhibition that parallels the isofrequency system rather than being orthogonal to it. The results show the power of the 2-DG method, as it is difficult to see how any other technique could have allowed us to see the width and extent of this binaural system.
Our technique has also allowed us to see monaural inhibition, which could be regarded as sideband or lateral inhibition. This inhibition is quite clear, but it did not became wider in more caudal regions of IC as did the binaural bands. Further experiments are needed to determine whether a low-frequency sideband mechanism can be revealed. Overall, the general paradigm used in these experiments might have considerable application to the 2-DG studies of other sensory systems and help to reveal hitherto unknown inhibitory mechanrsms.
